In total, 6830 patients were included. Survival at 5 years was 69.7% (4760 patients). On univariate analysis, treatment factors associated with improved survival included treatment at academic or research institutions, no radiation therapy, no chemotherapy, and negative margins (P < .001 for all). Neck dissection was associated with improved survival (P = .001), reflecting pathologic restaging and elimination of patients with occult nodal disease. Patients treated at academic or research institutions were more likely to receive neck dissection and less likely to receive radiation therapy or have positive margins. On multivariable analysis, neck dissection (hazard ratio [HR], 0.85; 95% CI, 0.76-0.94; P = .003) and treatment at academic or research institutions (HR, 0.88; 95% CI, 1.01-1.26; P = .03) were associated with improved survival, whereas positive margins (HR, 1.27; 95% CI, 1.08-1.49; P = .005), insurance through Medicare (HR, 1.45; 95% CI, 1.25-1.69; P < .001) or Medicaid (HR, 1.96; 95% CI, 1.60-2.39; P < .001), and adjuvant radiation therapy (HR, 1.31; 95% CI, 1.16-1.49; P < .001) or adjuvant chemotherapy (HR, 1.34; 95% CI, 1.03-1.75; P = .03) were associated with compromised survival.
O ral cavity squamous cell cancer (OCSCC) is a significant health burden in the United States, with approximately 28 000 cases and 5500 deaths in 2014 predicted. 1 Prognosis in early OCSCC depends on many factors, including patient age, stage at diagnosis, and primary site of disease, with a mean 5-year relative survival of 80%. 2 Approximately 60% of patients with OCSCC are initially seen with early-stage disease (I or II). 3 Treatment of early OCSCC has not changed substantially in several decades, and improvement in outcomes has been slow. 2 Furthermore, the optimal treatment of patients with early-stage OCSCC remains subject to debate. Most of these patients are treated by peroral tumor resection with or without elective neck dissection (END). 4 Up to 40% of patients with clinically N0 disease have subclinical nodal neck metastases, 5, 6 but multiple reports have demonstrated no survival benefit from END in these patients. 4 As a result, the role of neck dissection in early OCSCC remains a subject of controversy. 7 Adjuvant radiation therapy and chemoradiotherapy are indicated in early OCSCC for certain high-risk pathologic features; however, these recommendations have not been validated by comprehensive therapeutic trials for early-stage OCSCC, and any survival benefit of these interventions is unknown. 4, 7, 8 The impact of health care system factors, including type of treating facility, case volume, and insurance status, on survival in early OCSCC is also unknown and may illustrate differences in quality of care. Finally, although the goal of surgery in early OCSCC is eradication of tumor, positive tumor margins have been reported in up to 21% of oral cancer resections. [9] [10] [11] Data on the association between positive margins and OCSCC outcomes have been inconsistent. 12, 13 Data from the Commission on Cancer's National Cancer Data Base (NCDB) were examined to evaluate populationlevel associations between treatment factors and survival in early OCSCC. We hypothesized that survival is independently associated with variations in treatment factors. These associations may validate current therapy norms, highlight differences in quality of care, and direct future research.
Methods

Data Source
The NCDB is a nationwide, hospital-based cancer registry sponsored by the American College of Surgeon's Commission on Cancer and the American Cancer Society. It is the world's largest oncology outcomes database, capturing approximately 70% of all cancer cases in the United States.
14 Data reported to the NCDB are retrospective and compliant with the requirements of the 1996 Health Insurance Portability and Accountability Act. 15 The Yale University Institutional Review Board determined that this study was exempt from review. Patients who did not undergo surgery, those with multiple malignant primary tumors, and those with undocumented pathologic stage were excluded from analysis. Overall survival and 5-year survival were investigated as outcomes.
Study Population and Outcomes
Predictor Variables
Factors investigated for the association with overall survival included treatment factors (radiation therapy, chemotherapy, neck dissection, surgical margins, facility type, facility case volume, and insurance) and nontreatment factors (patient age, race, sex, and Charlson Comorbidity Index and tumor primary site, pathologic stage, and grade). Radiation therapy, chemotherapy, and neck dissection were reported as received or not received, and regional lymph node surgery as reported by the NCDB was considered to constitute neck dissection. Surgical margin status was divided into positive margins (reported as microscopic residual tumor, macroscopic residual tumor, or residual tumor not otherwise specified) and negative margins (no residual tumor). Residual tumor was considered present by the NCDB if it was within 5 mm of the margin, and final margin status was reported in cases of reresection. Facility type was based on the Commission on Cancer's accreditation criteria and was divided into academic or research programs and nonacademic programs, which included community cancer programs, comprehensive community cancer programs, and other programs. 16 
Statistical Analysis
All statistical analyses were performed using a software package (SPSS for Windows, version 20; IBM). Pearson χ 2 tests were used to determine the association between categorical variables and overall survival. Overall survival and 5-year survival were calculated by the Kaplan-Meier method. Cases were entered by the reported date of their last contact or death in months from diagnosis. Significance in survival differences was determined by the log-rank test. Multivariable analysis was conducted by Cox logistic regression. Survival effects of covariates were reported as hazard ratios (HRs). Significance was set at P < .05.
Results
Patient, disease, and treatment characteristics of 6830 cases of surgically treated early OCSCC are listed in Table 1 . Age was normally distributed, with a mean of 61.7 years. In total, 61.5% of participants were male, and 90.4% self-identified as being of white race. Survival at 5 years was 69.7% (4760 patients).
Univariate analysis of survival revealed that neck dissection, treatment at academic or research cancer centers, and treatment at high case volume centers were associated with improved survival, whereas positive margins, radiation therapy, and chemotherapy were associated with compromised survival (P < .001 for all) ( Table 2 were also associated with compromised survival. Facility case volume was not independently associated with survival on multivariable analysis. Patients treated at academic or research cancer centers were more likely to receive neck dissection and were less likely to receive radiation therapy or have positive margins than those treated at nonacademic centers (P < .001 for all) ( Table 4) . Pathologic characteristics, including stage (P = .87) and grade (P = .18), did not vary between patients at academic and nonacademic cancer centers.
Discussion
Analyzing differences in survival associated with treatment factors may reveal opportunities to improve outcomes through systems-based approaches. Five-year survival in the NCDB data was consistent with reports over the last several decades at approximately 70% 2, 18, 19 and was associated with multiple treatment and nontreatment factors. Our data revealed associations between survival and health care delivery factors, such as insurance and type of treating facility, suggesting potential differences in quality of care that may be viable targets for quality improvement efforts. For example, care at academic or research cancer centers was associated with improved survival compared with care at nonacademic centers, consistent with prior reports on head and neck and other cancer outcomes. 20, 21 This may be because of increased health care provider expertise, as evidenced by the lower incidence of positive margins and greater oral cancer case volume among these academic Copyright 2015 American Medical Association. All rights reserved.
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centers, or because of increased surgical aggressiveness, as evidenced by the greater proportion of patients receiving neck dissection. However, high case volume was not associated with increased survival in the NCDB data, despite traditionally being viewed as a surrogate marker for high-quality surgical care.
22
Patients with Medicare or Medicaid coverage experienced compromised outcomes compared with similar patients with private insurance. Previous reports have similarly shown that lack of insurance and federal insurance coverage are independently associated with compromised outcomes in head and neck cancers. 23 This troubling trend may reflect inconsistent treatment and follow-up because of tenuous access to health care or worse baseline health, which has been reported in these patients. 24 Identifying the underlying causes of survival differences associated with these health care delivery factors could enable improvement of outcomes through dissemination of the optimal care practices. The association of positive margins with reduced survival is widely reported, but whether this is a direct result of residual disease or a consequence of other correlated clinicopathologic or surgical features is unclear. 10, 13 Tremendous variation also exists in the reported strength of the association between positive margins and outcomes, with associated decreases in survival ranging from 0% to more than 80%. 9,25,26 As a consequence, there has been ongoing debate regarding the optimal level of aggressiveness of surgery for oral cancer, with some reports recommending surgical de-escalation. 27 Our populationlevel analysis provides compelling evidence about the importance of margin status in oral cancer and confirms the association between positive margins and poor outcomes. These findings support use of aggressive surgery to achieve negative margins in early OCSCC. Furthermore, differences in margin positivity among treatment institutions suggest that more complete resection to obtain negative margins is possible in some patients. The National Comprehensive Cancer Network currently recommends selective neck dissection of levels I through III (at a minimum) for tumors of at least 4-mm depth and at the Conversely, radiation therapy and chemotherapy were associated with decreased survival. Although positive margins are the most common indication for adjuvant chemoradiotherapy in early-stage OCSCC, other high-risk pathologic features (eg, lymphovascular or perineural invasion) also result in the recommendation for adjuvant therapies. 8 We were unable to adjust for perineural and lymphovascular invasion in the present analysis because these characteristics were not reported in the NCDB. Although these factors are inconsistently reported and their prognostic impact is debatable, they could confound the effect of radiation therapy and chemotherapy on survival. [30] [31] [32] In addition, use of radiation therapy or chemotherapy could be a surrogate marker for less aggressive resection in very localized disease. This could explain our finding that radiation therapy was associated with a greater decrease in survival in stage I disease than in stage II disease. The present study, to our knowledge, is the largest contemporary analysis to date of prognostic factors in earlystage OCSCC. However, several limitations should be considered. Owing to the retrospective nature of this study, the physician and patient decisions involved in surgery and adjuvant therapy are unknown. Significant proportions of the NCDB pool were excluded either because patients did not undergo surgery or tumors were not pathologically staged. Additional cases were excluded from multivariable analysis because data of 1 or more covariates were missing. The reasons for these missing data and whether their exclusion altered the sample pool are unknown. The list of variables included in our multivariable analysis was not exhaustive, and some potentially important factors (eg, patient smoking status, tumor thickness, and perineural invasion) were unavailable in the NCDB. Finally, we used overall oral cancer caseload to determine hospital case volume, which is an imperfect surrogate marker for surgeon case volume and surgical expertise.
Conclusions
This study demonstrates significant associations between treatment factors and overall survival in early OCSCC. Positive mar- 
